Qualitative screening of multiclass secondary metabolites present in the fruits, leaves and stem bark extracts of Garcinia travancorica was carried out using HPLC-QTOF-MS analysis. Twenty-three compounds were identified in the fruits, leaves and stem bark, including two acids (hydroxycitric acid and hydroxycitric acid lactone), eight biflavonoids (morelloflavone, GB-1, GB-1a, GB-2, GB-2a, fukugiside, xanthochymusside and GB-1a glucoside), nine xanthones (α-mangostin, γ-mangostin, 1,5-dihydroxy-3-methoxyxanthone, garciniaxanthone E, 4-(1,1-dimethylprop-2-enyl)-1,3,5,8-tetrahydroxy-xanthone, garcinone A, garcinone B, garcinone C and polyanxanthone C) and four polyisoprenylated benzophenones (gambogenone, aristophenone A, garcinol and garciyunnanin A). Cytotoxicity studies of the major biflavonoid fukugiside reported from G. travancorica leaves revealed a dose-dependent cancer cell growth inhibition in A431 and HeLa cells. The antiproliferative effect appears to be due to the ability of fukugiside to induce S-phase arrest and apoptotic cell death. In HeLa cells, fukugiside reduced the expression of MAPKp38 by 26.1% compared with untreated control.
Garcinia species, with their rich diversity of biologically active compounds such as biflavonoids, xanthones, benzophenones and acids, have received considerable attention worldwide from the scientific as well as industrial sectors [1] . Secondary metabolites from Garcinia species have been reported to exhibit a wide range of biological and pharmacological activities, such as anti-microbial, anti-HIV, anti-diabetic, antioxidant and cytotoxic [2] [3] [4] [5] . Liquid chromatography-mass spectrometry has developed as an important tool in phytochemical analysis for the rapid separation and identification of plant secondary metabolites and several Garcinia species have been studied by various LC-MS methods. The distribution of acids, benzophenones, xanthones, biflavonoids and acylphloroglucinolsin Garcina species has been studied through LC-ESI-MS, UPLC-QTOF-MS and HPLC-DAD-MS n methods [6] [7] [8] [9] [10] .Of the different LC-MS analytical methods, HPLC-QTOF-MS is a powerful and reliable analytical method for identifying nontarget components where HPLC separates complex extracts with good resolution, sensitivity and reproducibility, and quadrupole TOF-MS generates high resolution mass with greater accuracy and precision [11, 12] .
Garcinia travancorica Bedd. is an endemic species, distributed in the evergreen forests of southern Western Ghats of India [13] . In our previous study, the isolation and characterisation of major chemical constituents from G. travancorica leaves have been reported, along with their antioxidant potential [14] . The present paper reports the secondary metabolite profiles of G. travancorica fruits, leaves and stem bark by a rapid and reliable HPLC-QTOF-MS method and also the cytotoxicity studies of the major biflavonoid isolated from the leaves.
G. travancorica fruits, leaves and stem bark were analysed using an Agilent 1200 HPLC (Agilent technologies, USA) coupled with an Agilent 6520 QTOF-MS/MS system via an electrospray ionisation interface. The proposed HPLC-QTOF-MS/MS method is rapid, sensitive and efficient for simultaneous determination of acids, prenylatedxanthones, benzophenones and biflavonoids in the plant. Twenty-three compounds were tentatively identified by comparing retention times and mass spectra with available standards, HRMS and fragmentation patterns (Table 1, Figure 1 ).
Hydroxycitric acid and its derivative hydroxycitric acid lactone were the two acids identified in fruits, leaves and stem bark of G. travancorica. Hydroxycitric acid is an anti-obesity agent and the compound has been reported from several Garcinia species including G. indica, G. cambogia, G. atrovirdis and G. cowa [15, 16] . Morelloflavone, GB-1a, GB-2, and GB-2a were the biflavonoids and fukugiside, xanthochymusside and GB-1a glucoside the biflavonoid glycosides identified from G. travancorica.
Biflavonoids are limited in distribution to some plant families and Clusiaceae is one of the richest sources of these compounds [17] . The biflavonoids GB-1a, GB-2, GB-2a, GB-1a glucoside and xanthochymusside are 3-›8" linked biflavanones while morelloflavone and fukugiside are 3-›8" linked flavanone-flavone biflavonoids. The biological activities reported for biflavonoids are diverse, including anticancer, antibacterial, antifungal, antiviral, anti-inflammatory, antioxidant, vasorelaxant and anticlotting [3] .
Xanthones detected in the fruits of G. travancorica were α-mangostin, γ-mangostin,1,5-dihydroxy-3-methoxyxanthone, 4-(1,1-dimethylprop-2-enyl)-1,3,5,8-tetrahydroxy-xanthone, garciniaxanthone E, garcinone A, garcinone B, garcinone C and polyanxanthone C, while γ-mangostin and garcinone A were detected in the leaves. γ-Mangostin, garcinone A, 1,5-dihydroxy-3methoxy xanthone, garcinone B and garcinone C were present in the stem bark. Xanthones are well known for their potential antitumor and chemopreventive abilities, along with other biological activities such as antibacterial, antifungal, antiviral, antioxidant and antiinflammatory [18] [19] .
Benzophenones are an important group of phenolic compounds consisting of more than 300 members with great structural diversity [20] . Benzophenones identified from the fruits were gambogenone, aristophenone A, garcinol and garciyunnanin A. Aristophenone A and garcinol were present in the leaves, while no benzophenone was detected in the stem bark of G. travancorica. Garciyunnanin A with a 3-monohydroxy benzophenone skeleton is rarely distributed in Garcinia species [21] . Most of the benzophenones reported from Garcinia species are polyisoprenylated and exhibit a wide spectrum of biological activities [22] [23] [24] .
The present study reports simple xanthones and caged benzophenones together in the plant, and this finding is in corroboration with the reported biosynthetic pathway that predicts the common biosynthetic route for the two structurally different classes of compounds [2] .
MTT assay is widely used in the in vitro evaluation of cytotoxicity of plant extracts and compounds. MTT assay on A431 and Hela cells showed that the major biflavonoid, fukugiside, reported from G. travancorica exhibited a concentration dependent cytotoxicity to both cell lines with LD 50 values of 150.0μg/mL and 82.8 µg/mL, respectively, compared with untreated control (Figure 2 ), whereasvarying doses of fukugiside exhibited no toxicity to cells of the normal liver cell line WRL68 and colorectal cancer cell line HT29.
To corroborate that apoptosis has been induced by fukugiside, HeLa cells were analyzed in the presence of acridine orange (AO) and ethidium bromide (EB). HeLa cells treated with varying doses of fukugiside (1μg, 10 μg, 50 μg, 100 μg and 150 μg) showed changes in cellular morphology, including chromatin condensation and membrane blebbing. HeLa cells cultured in complete media and stained with AO/EB were used as control. Stronger apoptosis signals were induced in HeLa cells with higher concentrations of fukugiside, suggesting that fukugiside decreased cell proliferation and induced cell death.
The effect of fukugiside on cell cycle distribution was studied by flow cytometry on HeLa cells treated with 100 µg/mL of fukugiside for 48 h. In HeLa cells, fukugiside induced accumulation of cells in the S phase concurrent to a significant decrease in G0/G1 cells (Figure 3) . Further, the effects of fukugisideon the level of MAPKp38 expression in HeLa cells were also studied, using DMSO as a control. The reverse transcription polymerase chain reaction (RT-PCR) followed by agarose gel electrophoresis demonstrated that the expression levels of MAPKp38 was decreased after 48 h of treatment with fukugiside. Also, treatment with fukugiside resulted in inhibition of MAPKp38 expression by 26.1% compared with untreated control.
HPLC-QTOF-MS/MS analysis of Garcinia travancorica
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Experimental
Plant material:Fresh leaves, stem bark and fruits of the tree G. travancorica Bedd. were collected from the Chemmunji forest area of south Western Ghats, Kerala, India during August, 2013 and identified by Dr. N. Mohanan, Scientist, JNTBGRI. A voucher specimen (TBGT No. 66417) has been deposited at the JNTBGRI Herbarium.
Sample preparation:
Dried plant powder (1 mg each) of samples was weighed accurately, dissolved in 1 mL of methanol and sonicated using an ultrasonicator (Bandelin SONOREX, Berlin). The solutions were filtered through a 0.22 µm syringe filter (Millex-GV, PVDF, Merck Millipore, Germany). The filtrates were diluted with methanol to final working concentration, vortexed for 30 s and a 5 µL aliquot was injected into the HPLC-QTOF-MS/MS system for analysis.
HPLC-QTOF-MS/MS analysis:
The analyses were performed on an Agilent 1200 HPLC system with a thermostated column compartment (G1316C) and diode-array detector (G1315D). The HPLC separation was carried out on a SupelcoAscentis Express C18 column ( An Agilent 6520 QTOF-MS/MS system was coupled with the Agilent 1200 HPLC through an ESI interface. In the ESI source, nitrogen was used as drying and collision gas. The heated capillary temperature was set at 320°C and nebulizer pressure at 40 psi. The drying gas flow rate was 10 L/min. VCap, fragmentor, skimmer and octapole RF peak voltages were set at 3500V, 150V, 65V and 750V, respectively, in the ion source. Detection was carried out in negative ion mode within a mass range of m/z 100-1500 and resolving power above 15000 (FWHM). The data analyses were performed using Mass Hunter software version B.04.00 build 4.0.479.0 (Agilent Technology, USA).
Cell culture and maintenance:
The epidermoid carcinoma cell line A431, cervical cancer cell line HeLa, colorectal cancer cell line HT29 and normal liver cell line WRL68 were procured from the National Centre for Cell Science, Pune, India. The cells were grown in monolayer culture in complete medium containing Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% FBS and 1x-antibiotic-antimycotic solution in a humidified atmosphere of 5% CO 2 and 95% humidity at 37⁰C.
Cell viability assay:
Cell proliferation was assessed using MTT assay [25] . The cancer cell lines and normal cell line (~5 X 10 3 ) were seeded in a 96 well plate and incubated till they reached ~50% confluency. After washing with PBS (pH 7.4), the cells were replaced with serum free fresh medium containing different concentrations of fukugiside and subsequently incubated for 48 h. Ten µL of MTT reagent was added to each well and incubated for 2-4 h at 37⁰C. The intracellular purple formazan formed was solubilised by incubating with 50 µL of DMSO at 37⁰C for 10 min. The absorbance was read at 570 nm using the Enspire multimode plate reader (PerkinElmer Inc., MA, USA). The cell proliferation was calculated and compared with non-treated control. The analyses were made in triplicate.
Acridine orange-ethidium bromide (AO/EtBr) staining:
HeLa cells (10 6 cells/mL) incubated as described previously were treated with DMSO (0.01%) and varying doses of fukugiside (1μg, 10 μg, 50 μg, 100 μg and 150 μg) in a CO 2 incubator for 48 h. The cells were washed with PBS and mixed with AO/EtBrstain (50 µg/mL) and observed under an inverted fluorescent phase contrast microscope (Olympus, USA); morphological changes and cell death were documented. The apoptotic cells appeared yellowish-red whereas normal live cells were green.
Flow cytometric analysis:
Hela cells were treated with fukugiside (100 µg/mL) and incubated for 48 h. After overnight incubation, cells were detached by trypsinization and collected by centrifugation at 300Xg for 5 min and washed with 1x PBS. The cells were fixed with 1 mL of ice cold ethanol and incubated at -20 o C overnight. The ethanol fixed cells were washed once with PBS followed by 200µL of Muse cell cycle reagent. The tubes were incubated for 30 min in the dark and analyzed on a Muse flow cytometer (Millipore, USA).
Isolation of total RNA and RT-PCR analysis of MAPKp38 expression in HeLa cells:
Total RNA was isolated from fukugiside treated HeLa cells and DMSO treated control cells using the total RNA isolation kit according to the manufacture instructions (Invitrogen).The RNA pellet was dried and dissolved in TE buffer. The concentration of total RNA in the final elutes was determined by spectrophotometry. RT-PCR was carried out with 5 μL of RNA isolated from control, as well as fukugiside treated HeLa cells. One μL of forward primer and reverse primer were added to the RNAse free tube, along with 10 μL of prime RT PCR premix. Total reaction volume was made up to 20 μL with sterile distilled water. The thermal cycler (Eppendorf Master Cycler) was programmed to undergo cDNA synthesis and amplification. Initial DNA synthesis was set at 42°C for 30 min, followed by denaturation at 94°C for 10 min. Denaturation was repeated at 94°C for 1 min, annealing at 58°C for 1 min and extension at 72°C for 1 min, which was repeated for 35 cycles, and the final extension at 72°C for 5 min.
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After the amplification, the PCR product was separated by agarose gel electrophoresis and visualized using a gel documentation system (E gel imager, Invitrogen).
Supplementary data:
Mass spectra of 23 compounds from G. travancotica, MS/MS data and the mass fragmentation pathways of GB-1a, GB-1, GB-2 and fukugiside, structures of 23 compounds and figures of cytotoxicity studies.
